Introduction
Non-small-cell lung cancer (NSCLC) is the most common malignancy in northern China, and its mortality rate has shown an upward trend. 1 Chemotherapy is a mainstay therapy for NSCLC, especially for advanced NSCLC. However, most NSCLC patients will develop chemoresistance following a period of chemotherapy. Genetics plays an essential role in the pathophysiological mechanism of NSCLC, and it leads to non-sensitivity of NSCLC to platinum-based chemotherapy. 2 The development of novel drug target requires profound understanding of the molecular mechanisms of lung cancer.
Chemokines are produced by cancer-associated fibroblasts, a component of stromal cells, and influence the metastatic potential and site-specific dissemination of cancer cells. 3 Stromal-derived factor-1 (SDF-1/CXCL12), a 68-amino acid protein, belongs to the CXC chemokine family. Previous studies have described the effects of CXCL12 submit your manuscript | www.dovepress.com
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Wang et al in many cancers, including its role in promoting local invasion and distant metastasis of lung cancer. [4] [5] [6] Recent results demonstrated that CXCL12, as the sole endogenous ligand for the C-X-C chemokine receptor type 4 (CXCR4) receptor, robustly inhibits apoptotic cell death through an intrinsic pathway in cancer cells. 7, 8 Endogenous CXCR4 expression on carcinoma cells is correlated with poor prognosis in several cancers. [9] [10] [11] Knockdown of CXCR4 expression by small interfering RNA in breast carcinoma cells decreases cell invasion and adhesion in vitro and abrogates tumor growth in vivo. 12 In small-cell lung cancer (SCLC) cells, CXCR4 antagonists such as plerixafor (AMD3100) and T140 analogs (TN14003/ BKT140) disrupt CXCR4-mediated SCLC cell adhesion to stromal cells, thereby sensitizing SCLC cells to cytotoxic drugs such as etoposide and antagonizing cell adhesion-mediated drug resistance. 13 All of these results suggest that the CXCL12/CXCR4 axis could be involved in drug resistance.
Cisplatin (CDDP) is a commonly used chemotherapeutic drug in human lung adenocarcinoma. CDDP promotes its cytotoxicity by forming DNA-protein cross-links, DNA mono-adducts, and intrastrand DNA cross-links, which all trigger apoptosis. However, the success of platinum drugs in the treatment of various types of cancer has been challenged by the hamper of intrinsic and acquired resistance. 14 At present, the mechanisms involved in cisplatin resistance are not yet fully understood, because the research in platinum drug resistance is limited. Inhibition of apoptosis and cellular proliferation are important mechanisms in drug resistance. Studies identified that CXCL12 also activates multiple signaling pathways related to cell apoptosis and proliferation. Janus kinase (JAK) signal transducer and activator of transcription (STAT) signal pathway is associated with a wide variety of biological processes, including cell apoptosis, proliferation, and tumor progression. 15, 16 Moreover, the JAK2/STAT3 pathway is an important anti-apoptotic pathway that is frequently activated in different cancer cells. [17] [18] [19] [20] The phosphorylation of 705 tyrosine residue in STAT3 protein, which is a crucial event for its activation, leads to form STAT3 homodimers and translocation into the nuclei. Nuclear localized STAT3 dimer binds to the promoters of various target genes and regulates their transcriptions, which are involved in cancer cell proliferation, survival and invasion. 21 Persistent activation of STAT3 may lead to oncogenesis by promoting tumor angiogenesis and resistance to apoptosis. It has been reported that activation of the JAK2/STAT3 pathway via CXCL12-CXCR4 signaling increases the malignancy and metastasis of breast cancer. 22 However, the role of CXCL12 on CDDP-induced apoptosis in lung cancer is not clear, and it is important to improve the efficacy of platinum drugs.
The aims of this study are to explore whether CXCL12 plays an anti-apoptotic role in A549 human lung cancer cells. We further discussed the underlying molecular mechanisms involving CXCR4, JAK2, and STAT3 by examining the effects of CXCL12 on apoptosis-related pathways.
Materials and methods reagents and antibodies
Human recombinant chemokine SDF-1α/CXCL12 was obtained from R&D Systems Inc. (Minneapolis, MN, USA). Anti-human CXCR4 antibody was purchased from Abcam (Cambridge, MA, USA). CXCR4 antagonist, AMD3100, was purchased from Sigma-Aldrich Co. (St Louis, MO, USA). AG490 was purchased from DuPont Merck (Hangzhou, China). STAT3 and phospho-STAT3 (Serine 727) antibodies were purchased from Cell Signaling Technology (Boston, MA, USA).
cell line and culture
Human lung adenocarcinoma cell line (A549) was the generous gift of Heilongjiang Cancer Institute (Harbin, China). Cells were maintained in an Roswell Park Memorial Institute 1640 medium supplemented with 10% fetal bovine serum, 50 U/mL penicillin and 50 μg/mL streptomycin and then incubated at 37°C in a humidified atmosphere of 5% CO 2 .
The A549 cell line in this study was donated by Heilongjiang Cancer Institute for research only, which was approved by the Ethical Review Committee of Harbin Medical University.
assay of apoptosis
The effect of CXCL12 on anti-apoptosis was detected through propidium iodide (PI)//annexin V. According to the results of our preliminary experiment, serum-free A549 cells pretreated with CDDP (20 μg/mL) were incubated with or without CXCL12 (100 ng/mL) and AMD3100 (5 μg/mL) or AG490 (50 μM) for 48 h and collected. The cells were collected and centrifuged at 1,000× g for 10 min. After washing with phosphate-buffered saline (1× PBS), cells were added to 500 μL annexin V-binding buffer (Keygen, Nanjing, China), incubated for 15 min with 2 μL fluorescein isothiocyanate (FITC)-conjugated annexin V and 10 μL PI (Keygen), and then analyzed on a FACSort (Becton-Dickinson, San Jose, CA, USA).
Western blot
A549 cells were treated with CDDP and CXCL12 (100 ng/mL) for various periods of time (from 30 min to 24 h). AMD3100 (5 μg/mL) or AG490 (50 μM) was added 30 min before CXCL12 and CDDP treatment. Cells were lysed in lysis buffer consisting of 20 mM Tris-HCl (pH 7.5), 2 mM 
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anti-apoptosis mechanism of cXcl12 in human lung cancer ethylenediaminetetraacetic acid (EDTA), 150 mM NaCl, 1% Triton X-100, and protease inhibitors. After centrifugation at 12,000× g/min for 5 min at 4°C, the supernatant was obtained and used as a total cell lysate for analysis of protein concentration by the Bradford method (BioRad, Hercules, CA, USA). Equal amounts of cellular proteins (30 μg/lane) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a nitrocellulose membrane. After blocking with 5% skimmed milk in Tris-buffered saline/Tween-20 overnight at 24°C, the blots were incubated with rabbit anti-human STAT3 (1:1,000) and p-STAT3 (Serine 727) (1:1,000) for 2 h at room temperature. The blots were subsequently washed three times (10 min for each wash) with Tris-buffered saline/ Tween-20 and then treated with the appropriate alkaline phosphatase-conjugated anti-rabbit secondary antibody (1:2,000; Promega Corporation, Fitchburg, WI, USA) for 1 h at room temperature. The bands were visualized using the 5-bromo-4-chloro-3'-indoly phosphate/nitroblue tetrazolium chloride (Promega Corporation) coloration method. Proteins were quantified using an electrochemiluminescence (ECL) system (Pierce Biotechnology, Rockford, IL USA).
Immunofluorescence
Cells were treated with drugs as same as above. After collection, cells were fixed in 4% paraformaldehyde for 15 min. After fixation, cells were washed twice with 1× PBS (0.01 M, pH 7.4) and then incubated with 1% fetal bovine serum in a constant-temperature incubator at 37°C for 20 min. Rabbit anti-human STAT3 (1:1,000) and p-STAT3 (Serine 727) (1:500) were incubated with cells overnight at 4°C. After washing with 1× PBS five times, cells were incubated with rabbit anti-mouse immunoglobulin-FITC secondary antibody (1:1,000) for 1 h. Finally, cells were washed six times with 1× PBS, covered with PBS with 50% glycerol, and viewed under a fluorescence microscope. The patients included 128 males and 80 females, of mean age 59.6 years (range, 35-76 years). The study was approved by the ethical review committee of Harbin Medical University, Harbin, China. All patients were provided with written informed consent to participate in the study.
Immunohistochemical staining for CXCL12 and p-STAT3 was performed using the standard streptavidin-peroxidase biotin technique (SP technique) with an SP kit (Zhongshan Co., Beijing, China). Paraffin sections (4 μm) were deparaffinized in xylene and then rehydrated using an alcohol gradient. Hydrated autoclave pretreatment was performed by boiling for 5 min in citrate buffer (10 mM, pH 6.0). After endogenous peroxidase was quenched with 3% hydrogen peroxide and blocked for 10 min, the sections were incubated overnight at 4°C with antibodies against CXCL12 (1:200; R&D Systems Inc.) or p-STAT3 (1:150; Cell Signaling Technology). Biotinylated immunoglobulin and peroxidase-conjugated streptavidin were then added. Finally, 3,3′-diaminobenzidine was added for color development, and hematoxylin was used for counterstaining. The mean percentage of positive tumor cells was determined in at least five fields at ×200 magnification. All slides were evaluated by the consensus of experienced pathologists. For the negative control, PBS was used in place of the primary antibodies. We adopted the German semi-quantitative scoring system to determine the staining intensity and extent, which has been widely accepted and used in previous studies. 23 CXCL12 expression was quantified using a visual grading system based on the extent of staining (percentage of positive cells graded on scale from 0 to 4: 0, ,5%; 1, 5%-25%; 2, 25%-50%; 3, 50%-75%; 4, .75%) and the intensity of staining (graded on a scale of 0-3: 0, none; 1, weak staining; 2, moderate staining; 3, strong staining). Five representative fields at ×400 magnification were evaluated. A weighted score was assigned to each case by multiplying the score for the percentage of positive cells by the staining intensity score. Cases with a weighted score ,1 were considered negative; otherwise, they were considered positive. 24 Positive expression of p-STAT3 was defined as .25% nuclear staining with greater than moderate staining intensity of tumor cells. 25 
statistical analysis
Data are expressed as the mean ± standard deviation (SD). Statistical analysis was carried out using the Student's t-test for unpaired samples and analysis of variance (ANOVA). All the tests were two-tailed, and P,0.05 was considered statistically significant.
Results
cXcl12 blocks apoptosis in a549 through cXcr4
The percentage of A549 cells in the apoptotic phase was 55.67%±1.85% after treatment with CDDP. However, the Figure 1 ). These results indicate that CXCL12 exerts its anti-apoptotic effect on A549 cells through CXCR4.
The JaK2/sTaT3 pathway mediates the anti-apoptotic effect of cXcl12 in a549 cells
To further study the mechanisms underlying the antiapoptotic effect of CXCL12 in A549 cells, we investigated the signaling molecules in pathways downstream of CXCR4. A549 cells were pretreated for 30 min with AG490, a JAK2 inhibitor. Next, A549 cells were stimulated with CXCL12; 12 h after adding 50 μM AG490, the anti-apoptotic effect of CXCL12 was completely reversed (51.57±0.97 vs 39.28±0.85, P,0.05; Figure 1 ). These data indicated that CXCL12 can decrease cell apoptosis through activation of JAK2/STAT3 that can be reversed by AG490.
Western blot analysis revealed that CXCL12 stimulates p-STAT3 (Serine 727) in A549 cells in a time-dependent manner ( Figure 2A ). Treatment with 100 ng/mL CXCL12 caused a significant increase in p-STAT3 (Serine 727) at 24 h ( Figure 2B ). Therefore, these results suggested that CXCL12 exerts its anti-apoptotic effect in A549 cells through JAK2 and subsequent STAT3 activation. To elucidate the molecular mechanism underlying antiapoptotic induced by CXCL12, the expressions of BCL-2 family members and related proteins, such as BCL-2 and BCL-XL, were determined by Western blot in A549 cells. As shown in Figure 2C , expression levels of BCL-2 and BCL-XL were increased by treatment with CXCL12, while expression levels of BCL-2 and BCL-XL were reduced by treatment with AG490 or AMD3100 in A549 cells ( Figure 2C and D) . cXcl12 stimulates phosphorylation of sTaT3 through cXcr4/JaK2
We also found that the CXCR4 inhibitor AMD3100 blocked CXCL12-induced phosphorylation of STAT3 ( Figure 3A and B). This indicated that CXCR4 is responsible for CXCL12-induced STAT3 activation. Because JAK2 mediates STAT3 activation, we tested the effects of AG490. JAK2 inhibitors abolished STAT3 phosphorylation in response to CXCL12 ( Figure 3A and B). Cells were further subjected to immunofluorescence staining analysis. CDDP-treated cancer cells were pretreated with 100 ng/mL CXCL12, and immunofluorescence studies showed increased levels of p-STAT3 (Serine 727) in the nucleus. Furthermore, addition of AG490 or AMD3100 showed decreased p-STAT3 (Serine 727) in the nucleus ( Figure 3C ).
correlation of cXcl12 and p-sTaT3 expression in nsclc
The expressions of CXCL12 and p-STAT3 in tumor tissues were detected by immunohistochemistry using their respective antibodies and analyzed by an expert oncopathologist. Representative immunohistochemical staining of CXCL12 and p-STAT3 is provided in Figure 4 . Expression of CXCL12 and p-STAT3 was detected in 115 (55.3%) and 96 (46.2%) samples, respectively, and the detail is shown in Table 1 . CXCL12 expression significantly correlated with tumor classification, lymph node metastasis, stage, and tumor size (P,0.05), and the expression of p-STAT3 was significantly associated with lymph node metastasis (P,0.05). Moreover, a weak association was found between p-STAT3 and tumor classification (P=0.09), and correlation between CXCL12 and p-STAT3 was noted (r=0.136, P=0.027) ( Table 2) .
Discussion
To our knowledge, there are few reports about the antiapoptosis effect of CXCL12 on human lung cancer cells. Additionally, it was found that CXCL12 induced the resistance of the NSCLC cell to cisplatin via JAK2/STAT3 pathway. Moreover, there was a correlation of expression between CXCL12 and p-STAT3 in patients with NSCLC, indicating tumor invasion. Our data might provide new insights into the pathophysiological mechanism of NSCLC and suggest a novel drug target for NSCLC.
Recent studies showed that CXCL12 could act as a key factor for tumor growth, invasion, and angiogenesis via CXCR4. CXCR4 has been found to be overexpressed in many types of solid tumors, including liver cancer, breast cancer and colorectal cancer. Furthermore, expression of CXCR4 plays an important role in lung cancer cells. 26 Our previous studies demonstrated that the positive expression rate of CXCR4 in human lung cancer was 56.3% and correlated with tumor classification, lymph node metastasis, stage, and tumor size. 27 Therefore, CXCL12/CXCR4 axis could be involved in abnormal lung function. 28 Previous studies suggest that the CXCL12/CXCR4 axis could be involved in drug resistance. In chronic myelogenous
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anti-apoptosis mechanism of cXcl12 in human lung cancer leukemia, CXCL12 could enhance the resistance of K562 cells to adriamycin (ADM) by increasing the expression of CXCR4, up-regulating the downstream PI3K/Akt pathway, and promoting translocation of nuclear factor kappa B (NF-κB) dimers into nucleus and subsequently decreasing the expression of apoptosis-related proteins in K562 cells. 29 CDDP is a commonly used chemotherapeutic drug in human lung adenocarcinoma. However, the role of CXCL12 on CDDP-induced apoptosis in lung cancer is not clear. In this study, we investigated whether activation of the JAK2/ STAT3 cascade is involved in CXCL12-mediated suppression of CDDP-induced apoptosis in lung cancer cells by using flow cytometry analysis of PI/annexin V and found that CXCL12 protects A549 cells from CDDP-induced apoptosis.
Moreover, our results demonstrate that the anti-apoptotic role of CXCL12 in A549 cells is mediated by CXCR4 (P,0.05).
STAT3 is constitutively activated by numerous cytokines, growth factors, and oncogenic proteins in many types of human cancers, and it participates in the regulation of malignant processes. Moreover, STAT3 activation is involved in chemoresistance in human NSCLC. 30 STAT3 is a major downstream target of JAK2 involved in CXCL12-induced proliferation of SCLC and bladder cancer cells. 31, 32 In our study, treatment with the JAK2 antagonist AG490 completely reversed the anti-apoptotic effect of CXCL12 in A549 cells (P,0.05). We determined the phosphorylation status of STAT3 using Western blot analysis and found that CXCL12 increased p-STAT3 (Serine 727) levels in A549 cells in a time-dependent manner. These results indicate that the JAK2/STAT3 pathway contributes to CXCL12-mediated anti-apoptosis signaling ( Figure 5 ). These results are consistent with previous reports showing the behavior of CXCL12 in drug resistance.
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anti-apoptosis mechanism of cXcl12 in human lung cancer Figure 3 cXcl12 stimulates phosphorylation of sTaT3 through pathways mediated by cXcr4 and JaK2. Notes: cells were pretreated for 30 min with control buffer, 5 μg/ml aMD3100, or 50 μM ag490 before stimulation with cXcl12 (100 ng/ml). (A and B) Both aMD3100 and ag490 completely blocked cXcl12-induced phosphorylation of sTaT3. β-actin served as an internal control (con) for normalization purposes. (C) Immunofluorescence staining analysis. addition of ag490 or aMD3100 showed decreased p-sTaT3 (serine 727) in the nucleus. all experiments were repeated three times. 
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anti-apoptosis mechanism of cXcl12 in human lung cancer A recent study revealed that activation of latent cytoplasmic STAT3 occurred upon phosphorylation, which induces STAT protein dimerization, translocation to the nucleus, and transcriptional regulation of downstream gene targets. 34 In this study, we showed that CXCL12 induces STAT3 phosphorylation and nuclear localization in A549 cells. Treatment with AG490 or AMD3100 suppressed CXCL12-induced STAT3 nuclear localization, suggesting involvement of JAK2 and CXCR4 in this process. In the present study, we found that CXCL12 markedly suppressed CDDPinduced apoptosis in lung cancer cells with an increase of BCL-2 and BCL-XL in NSCLC cells. In addition, targeting BCL-2 family proteins is an effective approach to inducing intrinsic apoptosis in cancer cells, which contributes to the cytotoxic therapies of chemotherapeutic drugs in NSCLC patients.
Clinical specimen analysis further confirmed co-expression of CXCL12 and p-STAT3. We observed expression of CXCL12 protein in 55.3% of the 208 NSCLC tissue samples analyzed. In the current study, 46.2% of patients expressed p-STAT3, consistent with previous studies. 35 Overexpression of CXCL12 in the NSCLC tumor tissues was significantly correlated with tumor classification, lymph node metastasis, stage, and tumor size. These results suggest that CXCL12 may contribute to tumor progression and angiogenesis. We further identified a connection between CXCL12 and p-STAT3, and our results indicate that CXCL2 may suppress apoptosis through the STAT3 signaling pathway. Together, our results indicate that CXCL12 is an anti-apoptotic molecule in A549 lung cancer cells and that the underlying molecular mechanism for this effect involves CXCR4 and JAK2/STAT3. Moreover, Yu et al 36 demonstrated that RNAi targeting of CXCR4 inhibits tumor growth by inducing cell cycle arrest and apoptosis of malignant cells in oral squamous cell carcinoma. Thus, the observations of this study suggest that the clinical application of appropriate combinations of novel CXCR4 inhibitors and conventional chemotherapeutic drugs could be beneficial for treating patients with lung cancer.
However, there are some limitations in our study. For instance, we need to perform animal experiments to verify if the anti-apoptotic mechanism of the CXCL12/CXCR4 axis in response to cisplatin treatment in vitro is the same in vivo. In addition, the small cohort of lung cancer patients in this study was a limitation. Also, we only used one cell line to confirm our conclusion. Moreover, interaction between CXCR4 pathways and PI3K/AKT was identified by a recently published study. These findings suggest a novel mechanism in which CXCR4 signaling is involved in PI3K/ AKT pathway repression. In combination with our findings and recently published studies, we will focus future studies on the association of CXCL12 with lung cancer and the related pathway in different cell lines. Abbreviation: nsclc, non-small-cell lung cancer. Figure 5 summary for the effect of cXcl12 on apoptosis through activation of JaK2/sTaT3 signaling in human lung cancer cells. Notes: Proposed mechanisms of suppression effects of cXcl12 on the apoptosis of human lung cancer cells. cXcl12 binds to its receptor (cXcr4) and activates JaK2, which phosphorylates sTaT3. Tyr705-phosphorylated sTaT3 (p-sTaT3) translocates to the nucleus and activates transcription of Bcl-Xl, Bcl-2, and cyclin D1, thereby inhibiting apoptosis and inducing cell cycle progression of lung cancer cells.
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